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Uy NOVARTIS

May 6, 2015

Tammy Haugland BS
hauglant@dhw.idaho.gov

Dear Ms. Tammy Haugiand,

Your .Regl Acct Msl, Assoc Dir Mary Kemhus, has forwarded to us your request for information
'—? regarding Gilenya™ {fingolimod).

The Novartis Medical Information department provides responses to unsolicited requests for
information from health care professionals. This response is for your medical information
purposes only and should not be regarded as a recommendation by Novartis Pharmaceuticals
Corporation.

For marketed products, the information provided herein may be outside of the approved product
labeling. Please refer to the package insert for full prescribing information. However, if the
information you requested pertains to a compound in development, please note that the
compound is not currently FDA approved for use in the United States.

in this document, piease find the response(s) to your question:
¢ GILENYA - Medical Literature Request
o Medical Literature Requests:

o Kappes L, O'Connor P, Radue EW. Long-term effects of fingolimod in multiple
sclerosis; The randomized FREEDOMS extension trial. Neurology. 2015 Apr
14;84(15).1582-91.

o Kappoes L, Cohen J, et al. Fingolimod in relapsing multiple sclerosis: An
integrated analysis of safety findings. Muitiple Sclerosis and Related
Disorders{2014) 3, 494%uFFFD504.

For marketed products, the end of this document includes the FDA-approved indication(s} and
general safety information for the product(s) referenced above.

Novartis Medical Information is Available on the Web, 24/7

The newly redesigned Medical Information website and mobile applications are now available to
get access to Novartis product information. The advanced functionality of both of these offer
simple navigation, robust search features, bookmarking, prescribing information and the ability to
directly submit inquiries to our Medical Information Department — all tailored to meet your needs
in a timely manner. For information about Novartis products, please

visit httos://medinfo.novartispharmaceuticals.com or search for Novartis at your mobile
applications store {available for iPhone, iPad, Android and Windows Phone devices).

Please contact us if you have additional questions at 1-{888)-NOW-NOVA. Full prescribing
information on Novartis marketed products is available on our website
at_hitp:’www.pharma.us.novartis. com/products/bybrand.shiml

Novartis Pharmaceuticals Corporation
East Hanover, New Jersey 07836-1080
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Tammy Haugland BS May 6, 2015

Medical Literature Request
In response to your request, please find the enclosed Medical Literature.

Copyright

If you are receiving this article electronically, please note that the attached article(s) has been
provided at your request and copyright permission has been secured for your personal use based
on your medical inquiry request. You are permitted to print one copy for your personal use then
delete the electronic attachiment. The article(s) may not be electronically stored, distributed,
transmitted or attered. Opening the attachment(s) constitutes an acceptance of the Terms of Use.
If you do not accept the Terms of Use, please delete the attachment(s) without opening it.

Novartis Pharmaceuticals Corporation
East Hanover, New Jersey 07936-1080 Page 3 of 25




Tammy Haugland BS May 8, 2018

Product Description
Gilenya (fingolimedy) is a sphingosine-1-phosphate receptor modulator available as an oral
capsule.

Indication

Gilenya is indicated for the treatment of patients with relapsing forms of multiple sclerosis to
reduce the frequency of clinical exacerbations and to delay the accumulation of physical
disahility. '

Gilenya is not indicated for the treatment of non-relapsing forms of multiple sclerosis. Gilenya
should not be started in patients with active or chronic infections until the infection{s} is resolved.

Contraindications
Gilenya is contraindicated in the following:

s Patients who, in the last 8 months experienced myocardial infarction, unstable angina,
stroke, fransient ischemic attack, decompensated heart failure requiring hospitalization,
or class IV heart failure

s A history or presence of Mobitz Type il second-degree or third-degree atrioventricular
{AV) block or sick sinus syndrome, unless patient has a funclioning pacemaker
A baseline QT¢ interval >500msec
Treatment with Class la or Class Ill anti-arrhythmic drugs

Gilenya is not indicated for other disease stales. Flease refer to the Gilenya full prescribing
information.

Novartis, in collaboration with the Food and Drug Administration (FDA), developed a Risk
Evatuation and Mitigation Strategy (REMS) for Gilenya (fingolimod). Please review the full
Prescribing Information for detailed safety information for Gilenya.

You can access an electronic copy of the REMS components by using the links provided below:
hitp:/Amwww.pharma.us.novartis.com/csiwww.pharma.us.novartis.com/assets/pdf/REM/Gilsnya Pr
ofessionalSociety letter.pdf

hitp:/fwww.pharma.us.novartis. com/csiwww.pharma.us.novartis.com/assets/pdfi/REM/Gilenya H
CP_Safety Information Guide.pdf

hitp:/fwww.pharma.us.novartis. com/cs/www.pharma.us.novartis.com/assets/pdf/REM/Gilenya H
CP_letter.pdf '

The REMS components may also be accessad on the Gilenya REMS
website(www.gilenyarems.com)

Novartis Pharmaceuticals Gorpoeration
East Hanover, New Jersey 07936-1080 Page 4 of 25




May 1, 2015

Idaho Medicaid Pharmacy & Therapeutics Committee
Attention: Tami Eide, Pharm.D.

3232 Elder Street

Boise, Idaho 83705

Dear Dr. Eide,

In response to your unsolicited request for information, | am forwarding two studies and a summary of
—-——% key points related to the safety and efficacy of Gilenya (fingolimod). These studies were not included in
the posted monograph and provide additional data to support long term safety and efficacy of Gilenya.

Kappos et al. Fingolimod in relapsing multiple sclerosis: an integrated analysis of safety findings

- This publication reports safety findings from phase 2/3 studies, associated extensions and post-
marketing experience up to December 2011, including patients who have received treatment for
more than seven years. . '

- The overall incidence of adverse events and serious adverse events was similar in patients who
received the approved dose of fingolimad (0.5 mg) and those who received placebo in the
FREEDOMS trial.

- There was a similar rate of drug discontinuation due to adverse events between fingolimod and
placebo groups, indicating that at the approved dose, adverse events have a limited impact on
tolerability and adherence.

- The safety profile of fingolimod has been well characterized and this publication helps to
consolidate available safety information.

Kappos et al. Long-term effects of fingolimod in multiple sclerosis

- This trial was designed to determine if treatment effects of fingolimad are sustained beyond
two years and if switching from control to active therapy replicates efficacy.

- Patients switching to fingolimod {from placebo} experienced fewer relapses, Gd-enhancing
lesions and T2 lesions after switching. )

- Patients randomized to fingolimod initially retained the benefits of earlier treatment (Jower
annualized relabse rate, fewer patients with confirmed disability progression).

- No new safety findings were observed in this extension compared with the two year controlled
trial.

Please consider for testimony on May 22,
Thank you,

Mary Kemhus, PharmD
Regional Account MSL
Novartis Pharmaceuticals




Long-term effects of fingolimod in

multiple sclerosis

The randomized FREEDOMS extension trial

Ludwig Kappos, MD ABSTRACT

Paul O’C_O“’“’r' MD Objective: To assess long-term safety and efficacy of fingolimod in patients with relapsing-
Ernst-Wilhelm Radue, remitting multiple sclerosis (RRMS).

1\{1D Methods: Patients completing FTY720 Research Evaluating Effects of Daily Oral Therapy in MS
Chris Polman, MD L . ] i . .
} {FREEDOMS) were eligible for this dose-blinded, parallel-group extension study, continuing fingo-
Reinhard Hobhifeld, MD b e - .
) fimod 0.5 mgfday or 1.25 mg/day, or switching from placebo to either dose, randomized 1:1.
Krzysztof Selmaj, MD . - . : . '
) Efficacy variables included annualized relapse rate (ARR), brain volume loss [BVL), and confirmed
Shannon Ritter, MS s L . . .
disability progression (CDP). Between-group analyses were conducted in the intent-to-treat {ITT)
Rolf Schlosshauer, MSc ) . -
Phili Rosenstiel population from FREEDOMS baseline to end of study. Within-group analyses compared years
PP von Rosenstics 0-2 (FREEDOMS) and years 2-4 (extension} in the extension ITT population.

MD :
Lixin Zhang-Auberson, ~ Results: Of 1,272 patients (FREEDOMS ITT population), 1,033 were eligible, and 920 enrolled in
MD the extension study {continuous-fingolimod: 0.5 mg [ = 331}, 1.25 mg [n = 289]; placebo-
Gordon Francis, MD fingolimod: 0.5 mg [n = 158}, 1.25 mg [n = 145]}; 916 formed the extension ITT population
[n=330:n=287n=154; n=145)and 773 (84%) completed. In the continuous-fingolimod

groups, ARR was lower {p < 0.0001}, BVL was reduced [p < 0.05), and proportionately more

Correspandence 10 patients were free from 3-manth CDP [p < 0.05) than in a group comprising all placebo-
Efméf:tl}’l’;f fingolimod patients. Within each placebo-fingolimod group, ARR was lower (p < 0.001, both)
D pos! 5.

and BVL was raduced after switching (p < 0.01, placebo-fingolimod 0.5 mg}. Rates and types of
adverse events were similar across groups; no new safety issues were reported.

Conclusion: Efficacy benefits of fingolimod during FREEDOMS were sustained during the exten-
sion; ARR and BVL were reduced after switching.

Classification of evidences This study provides Class IV evidence that long-term fingolimad treat-
ment is well-tolerated and reduces relapse rates, disability progression, and MR! effects in
patients with RRMS. Neurology® 2015;84:1582-1591

GLOSSARY

AE = adverse svent; ARR = annualized relapse rate; BVL = hrain volume (0ss; Cl = confidence interval; EDSS = Expanded
Disability Status Scale; EoS = end of study; FREEDOMS = FTY720 Research Evsluating Effects of Daily Oral Therapy in
MS; Gd = gadolinium; HR = hazard ratio; ITT = intent-to-treat; MS = multiple sclercsis; RRMS = relapsing-remitting multiple
sclerosis; TRANSFORMS = Trial Assessing Injectable Interferon vs FEY720 Oral in Relapsing-Remitting MS.

Fingolimod (FTY720), a sphingosine 1-phosphate receptor modulator, is the first oral disease-
modifying therapy approved for the treatment of refapsing multiple sclerosis (MS)."* Clinical
efficacy was investigated in 3 double-blind, randomized, phase 3 trials in patients with relapsing-
remitting MS (RRMS): Trial Assessing Injectable Interferon vs FTY720 Oral in Relapsing-
Remitting MS (TRANSFORMS), FT'Y720 Research Evaluating Effects of Daily Oral Therapy
in MS (FREEDOMS), and FREEDOMS 11.3

Supplemental data
at Neurology.org

From the Department of Neumlogy (L.K.), University Hospital, Basel, Swizerland; St. Michacl’s Hospital (P.0.’C)), Toronto, Canada; Medical
Image Analysis Centre (E.-W.R.), University Hospital, University of Basel, Switzedand; Depantment of Neurology {C.P.), YU University Medical
Center, Amsterdam, Netherlands; Ludsvig-Maximilians Univessity of Munich and Munich Cluster for Systems Neurology (SyNergy) (R.H)),
Germany; Deparment of Neurology (K.8.), Medical University of Lodz, Poland; Novards Pharmaceuticals Cotporation (§.R., G.F.), East Hanover,
NJ; and Novartis Pharma AG (R.S., P.w.R., L.Z.-A), Basel, Swirzerland,

Go to Neurology.org for full disclosurs. Funding informtion and disclosures deemed relevant by the authars, if any, are provided at ihe end of the articke,
The Aricle Processing Charge was paid by he study sponsor, Novards Pharma AG, Basd, Swieerland,

This is an open 2ccess article distributed under the terms of the Creative Commons Auribution-Noncommercial No Derivative 3.0 License, which
permits downloading and sharing the work provided it is properly cited. The work cannot be changed in any way ot used commercially.

1582 © 2015 American Academy of Neurology
© 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.
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In TRANSFORMS, fingolimod reduced
annualized relapse rate (ARR) at 1 year by
52% compared with IM interferon-B-1a,
and showed significant benefits on MRI out-
comes, including brain atrophy.® In the 24-
month  placebo-controlled FREEDOMS
trial, fingolimod 0.5 mg significantly reduced
ARR (0.18 vs 0.40 on placebo; p < 0.001),
disability progression (hazard ratio 0.70; p =
0.02), MRI lesion activity (number of new or
enlarged lesions on T2-weighted images, gad-
olinium [Gd]-enhancing lesions; p << 0.001
for all), and brain atrophy (brain volume loss
[BVL] at 2 years, —0.84% vs —1.31% on
placebo; p < 0.001).* Fingolimod 0.5 mg
also significanily reduced ARR, MRI meas-
utes, and brain atrophy over 2 years in the
FREEDOMS 1I trial.> The FREEDOMS II
trial was similar in design and objectives to
FREEDOMS, except it included additional
measures {e.g., Holter monitoring) at the
request of>the Food and Drug Administra-
tion.> We report results from the FREE-
DOMS trial extension, the objective of
which was to evaluate the long-term efficacy,
safety, and tolerability of fingolimod in pa-
tients with RRMS.

METHODS Study oversight and design. Study oversight
and steering committee members have been reperted previousty.*
This extension study consisted of a dose-blinded, parallel-group
phase and an epen-label phasc; the study was to continue unril
drug approval and availability. A protocel amendment stopping
use of fingolimed 1.25 mg in all MS clinical studies was made in
November 2009, when unblinding of the FREEDOMS triat
revealed higher discontinnation rates following an adverse event
(AE) and litde efficacy benefit associated with the 1.25-mg dose
compared with the 0.5-mg dose.! Follewing this amendment, all
patients began to transfer to the open-label phase, receiving
fingolimod (.5 mg/day. Between June 2010 and June 2011,
patients who had participated in the phase 257 and phase 3*5
clinical trials could migrate from the respective extension studies
1o continue on fingolimod 0.5 mg in a separatc open-label study
{LONGTERMS [Clinical Ttials.gov number NCT012816571).

Standard protocol approvals, registrations, and patient
consents. All patients who completed the 24-month FREEDOMS
wial were eligible for the extension {ClinicalTrials.gov number
NCT00662649); locations and eligibilicy criteria for FREEDOMS
have heen described.? Fxclusion criteria included discontinuation of
study drug due to an AE or onset of chronic immunc system disease
requiring immunosuppressive treatmeat during FREEDOMS, All
patients gave written informed consent, The snedy was conducted
in accordance with the International Conference on Harmenisation
Guidelines for Good Clinical Practice and with the Declaration of
Hekinki ** The protocol and all amendments were approved by each
site’s instirutional review board/independent ethics committee.

Randomization and masking. The randomization procedure
used in FREEDOMS has been described.® Patients who received
fingolimod in FREEDOMS centinued on the same blinded dose
in the extension. Patients who received placebo in FREEDOMS
were re-randomized {1:1) to oral fingolimed 0.5 mg or 1.25 mg
ance daily in the extension; a separate medication randomization
list was produced by the study sponser, using a validated system
that automated the random assignment of medication numbers ro
medication packs containing the study drug  Patients,
investigators, site personnel, independent evaluating physicians,
and first dose administeators remained bfinded to the reatment
dose until the implementadon of the protocol amendment,
During the dose-blinded phase, study drug was packaged in a
blinded fashion and was dispensed by the investigator
according to patients’ randomization numbers. Thereafier, all
patients received open-label fingolimod 0.5 mg ance daily, but
remained blinded 1o their treatment assignment dusing
FREEDOMS.

Procedures and assessments, In order 1o maintain blinding of
drug assignment during FREEDOMS, all patients were mani-
tored by an independent physician following theie firsc dose of
drug in the extension, which was taken the day afrer the last dose
during FREEDOMS, Definitions for ARR and disability progres-
sion have been reported.? Relapse and safety assessments were
scheduled ac months 24.5, 25, 26, and 27, and then every 3
months. Expanded Disability Status Scale (EDSS) score was as-
sessed every 3 months by a specially trained and centified inde-
pendent physician not involved in the padents’ care®®
Standardized MRI scans were cbtained every 12 months and
processed centrally at the MS MRI Evaluation Center (Basel,
Switzerland). Relapse, safety, EDSS assessments, and MR scans
were also obtained at the end of the extension and ar follow-up
visits, Safety was overseen by an independent data and safery
monitoring board, Details of clinical and MRI assessments are
given in the supplemental data on the Nenrolozy® Web site at
Neurglogy.org.

- Statistical analysis. Sample size was based on the numbcr of pa-

tients who entered the extension rather than statistical power cal-
culation. Berween-group comparisons of the effects of continuous
vs delayed inidation of fingolimod therapy were evaluated in the
FREEDOMS intent-to-treat (ITT} populadon (all patients
randomized in FREEDOMS wha received ac least ane dose of
study drug, including patients who did not enter the extension
study). Comparsons were made for ouicomes assessed from
FREEDOMS bascline {month 8) 10 end of study {(EoS),
between continuously treated patients (continuous fingolimod
0.5 mg or 1.25 mg groups) and all paticnss who switched from
placebo to fingolimod (combined swich group). Within-group
comparison of treatment cffects between months 0 and 24
(during FREEDOMS) and months 24 and 48 {(during the
extension} was made in the extension 1TT population (all
randomized patients who received at least one dose of extension
study drug) and in the subgroup of patients within the extension
ITT population who complered 48 months of therapy (48-
menth completer population). Baseline charactedistics and safery
outcomes were assessed using descriptive suatisdcs. Extension-
phase efficacy analyses were exploratory and 2-sided (significance
level, 0.05), with no adjustment for multiple analyses. Derails of
statistical tests used for between-group and within-group analyses
are given in the supplemental dara.

Classification of evidence. Given that safety and efficacy were
demonstrated in FREEDOMS, the extension phase was designed
to determine if treatment effects are sustained beyond 2 years, if

Neurology 84 April 14, 2015 1683
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switching from control to active therapy replicates this efficacy,
and whether late-onset safety events occur. This study provides
Class IV evidence that daily fingolimod 0.5 mg is well-tolerated in
the long term, with no late-onset safety evenss. Patients switching
to fingolimod expericnced fewer relapses, Gd-enhancing lesions,
and T2 lesions (@l p << 0.001) after switching. When compared
over the whole observation period with those initially randomized 1o
placebo, patients initially randomized to fingolimod retained the

benefits of ealier weatmenu lower ARR (p < 0.0001),
proportionately  fewer patienss  with confirmed  disability
progression (p < 0.05), fewer Gdenhancing and T2 lesions
{p < 0.0001), and less BVL {p < 0.05).

RESULTS Of 1,272 patients randomized (FREE-
DOMS ITT population), 1,033 {81%) completed
FREEDOMS and were eligible for the extension;

[ Figure 1 Patiant disposiﬁon

|

Patients who undenvent randomization
N=1272

r

v

Assigned to
fingolimed 0.5 mg
{core ITT population)
n=425

Assigned o
fingolimod 1.25 mg
(core ITT population)
n=429

v

v

Completed core phase

Completed core phase

v

Assigned to placebo
{core ITT poputation}
n=418

v

Completed core phase

n=369 n=332 n=332
v v v
Entered extension phase Entered extension phase Entered extension phase
n=331 n=289 n=300
I
v v Y’ ¥

Continued on fingolimod
0.5 mg and included in
extension safety population
(n=331)

included in extension

ITT population (330) population (287} ITT population (154)
Exciuded owing to severe Excluded oving 1o severe Excluded owing to severe
GCP and protoco! GCP and protocol GCP and protocol

Continued on fingolimod
1.25 mg and included in
extension safety population
{n=289)

Included in extension ITT

Randomized to fingalimod
0.5 mg and included in
extension safety
population (n=155)

Included in extension

Randomized to fingolimod
1.25 mg and included in
extension safety
population and extension
ITT population (n=145)

noncompliance (1) noncompliance (2) nancompliance (1)

]

Discontinued study (n=41)

]

Discontinued study (n=44)

]

Discontinued study (n=29)

1

Discontinued study {n=33)

Abnormal laboratory
values (5)

Abnommal test
procedure results (1)

Abnormal laboratory
values (10}

Abnormal test
procedure results (3}

Abnormal laboratory
values (3)

Abnormal test
procedure results (3}

Adverse events (9) Adverse events {6} Adverse events (10) Administrative

Protacol viclation (1) Lost to follow-up (2) Lost o follow-up {1) problems {1}

Hp Withdrew consent (23) -l Protocol violation (1) —p  Withdrew consent (9) 1 Adverse events (8)

Abnormal lahoratory
values {8)

Abnormal test
procedure results (1)

Patient's condilion Withdrew consent (19} Unsalisfactory L.ost to follow-up (1)
no longer required Unsatisfactory therapeutic effect (3) Withdrew consent {(15)
study drug (1) therapeutic effect (3) Unsatisfactory

Unsatisfactory therapeutic effect (1)
therapeutic effect (1)

Lyl Completed extension N Completed extension Ly Completed extension Ly Completed extension

phase (n=290} phase (n=245} phase (n=126) phase (n=112)

Reasons for discontinuation from FTY720 Research Evaluating Effects of Daily Oral Therapy in MS (FREEDOMS) were reported pravicusly.* Only those
patients who completed FREEDOMS were eligible to enter the extension phase; 38 patients in the fingolimod 0.5 mg group, 43 in the fingolimod 1.25 mg
group, and 32 in the placebo group decided not to participate in the extension. GCP = goed clinical practice. ITT = Intent to treat.
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( : — .o 920 patients (89%) entered the extension (extension
g = 2 P
ey o L g § € safety population, 916 (99.6%) of whom formed the
E . o R S g extension ITT population, and 773 (84%) com-
S T e S E ;{3 pleted. Patient flow by treatment group and reasons
B [ & 2 for discontinuation are shown in figure 1; a data sum-
£200 % 0 sig B @ F &
B 5 A5 938 @0 @ mary of patients who chose not to enroll is included

B : Hog g Loa 2

Ein o @ e ed g e @ s 4 in the supplemental data. At FREEDOMS bascline,
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& Ea 9 353 g3F oo 38 : . .

§ R R A ] ITT population were similar across treatment groups,
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: ) lesions and T2 lesion volumes were slightly higher
s B B ¢ ghtly hig

g RO é in the continuous fingolimod than in the switch
~ 3 (f) § groups (table 1). Baseline characteristics of the 48-
E X R g "rl} § g month completer population (table e-1) and of the

B SR : i YR 33 extension ITT population were similar.
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“i B visit), 88% (811/920) reached month 42, 44%
T . - E% (402/920) reached month 48, and 9% (87/920)
e R - . .

. § s = § reached month 54, The respective mean (SD) duration
. S T 28 a5 8 of exposure to fingelimod in the extension safety pop-
€ o : - .. . v 8 a £ pop
E- R - = R I ulation was 1,394 (208) and 1,372 (225) days in the
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3 'é E R ol s § E 53 continuous fingolimed 0.5 mg and 1.25 mg groups,
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% 'E@ g% 4§ ; % ;.; :_ ;3:_ e 8 % o fingolimod 0.5 mg and 1.25 mg switch groups.
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g f_:_; g g RS B I M 5 \E Efficacy. From month ( to EoS, ARR in the continu-
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= : N E of 489 (ARR ratio 0.52 {95% confidence interval (CI)
S P
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Lo L _ e extension 1T'T population, ARRs were significantly
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.g . ﬁ ,_rE, the continuous fingolimed groups (table e-2). When

E . E 9 the same within-group comparison was made in the

] o > g E L -qg’_é 48-month completer population, the reduction in
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B X e £~ w 2 goas 90 :

e 2 E T & £ £ d L % £aZ At EoS, the proportions (95% CI) of patients free
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— 255 wete 74% (69%-78%) and 80% (76%-84%) in the
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{ Figure 2 Between-group comparisons (month 0 to end of study, FREEDOMS ITT population) ]
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0.5 mg group, 74% (70%—79%) and 79% (75%-—
8490) in the 1.25 mg group, and 66% (61%—71%6)
and 73% (68%6-77%) in the combined switch group.
Compared with the combined switch group, the respec-
tive risk of disability progression confirmed after 3
months and & months was reduced by 27% (hazard
ratic [HR] 6.73 [95% CI 0.56-0.95); p = 0.0189) and
31% (HR 0.69 [95% CI 0.51-0.93]; p = 0.0140} in
the continuous fingolimod 0.5 mg group and by 29%
(HR 0.71 [95% CI 0.55-0.93]; p = 0.0138) and 30%
(HR 0.70 [95% CI 0.52-0.95]; p = 0,0211} in the
continuous fingolimod 1.25 mg group.

From day 0 to EoS, BVL was significantly lower in
the continuous fingolimod 0.5 mg and 1.25 mg

groups than in the combined switch group (figure
3A). For analysis of BVL, evaluable patients in the
extension ITT populadon coincided with those
evaluable in the 48-month completer population. In
this grotip‘, the rate of BVL during months 2448 was
lower after switching to fingolimod 0.5 mg, and
showed a trend toward reduction after switching to
1.25 mg compared with months 0-24 on placebo.
During months 24-48, there were no differences
among the 4 treatment groups in rates of brain vol-
une teduction (figure 3B).

‘The mean number of new or newly enlarged T2 le-
sions from month 0 to EoS was significantly lower in
both continuous treatment groups than in the corabined

[ Figure 3 Percentage braln volume change

A Placebo—fingolimod Continuous fingolimod Continuous fingolimod
0 {n=259) 3.5 mg (n=289) 1.25 mg (n=250)
&
© -0.5 4
<
g8
£
G @ —1.01
~E
o3
§ g 4.5 . B
¢F 1.7 ~1.6
g9 201 (-1.91,-1.43) (-1.88, —1-‘{*}0)
< B p=0.0013 p=0.001
22
2.5 (~2.51, ~1.97) [ Placebo
Fingolimod 0.5 mg
M Fingolimod 1.25 mg
B Months
0 024 0-24 2448 0-24 2448 0-24 2448
e 021
Q
g g 0.4 -
5 g —0.6 -
535 -08- i
[}
52 —10- —0.90 YT - g 087
o5 (-1.23, e -0.41) -1.01f (-120,
c5 —12- -0.58) -1.29, (-1.92, -058)
i 14 -0.67) -0.70)
= ' -1.42
16~  (~1.82, -1.51
-1.02) (-5-;1:),
! | = I P |
p=0.0084 p=0.0621 p=0.2218 p=0.3574
Placebo-fingolimod Placebo-fingolimed  Continuous fingolimed  Continuous fingolimod
0.5 mg 1.25mg 0.5 mg 1.25 my
{n=49) (n=41) {n=109) {n=75)

{A)} Between-group comparisons of changes in brain volume frem month O to end of study in the FTY720 Research Evalu-
ating Effects of Daily Oral Therapy in MS [FREEDOMS) intent-to-treat {|TT) population. Percentage brain voluma change
was compared using a rank analysis of covariance adjusted by treatment, normalized brain volume at FREEDOMS baseline,
and country. {B) Within-group comparisons {months 24-48 vs months 0-24) in the extension iTT population and 48-month
complster subgroup. Comparisons were made with the Wilcoxon signed-rank test. All patients receiving fingolimod 1.25
mglday were switched to fingolimod 0.5 malday after the 1.25 mg/day dose was discontinued from all multiple sclerosis
clinical studies. In this analysis, the evaluable individuals in the extension ITT population ceincided with those evaluable in
the 48-month completer subgroup; therefore the findings shown represent those for both groups. n = number of patients
with brain volume change data for both time periods. Cl = confidence interval. ‘
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switch group {figure 2D), The cumulative mean number
of Gd-enhancing T'l lesions from month @ to EoS was
also significantly lower in the continuous fingolimod
groups than in the combined switch group (figure 2E).
In each switch group in the extension ITT population,
there was a significant reduction in the mean number of
Gd-enhancing T1 lesions and of new or newly enlarged

T2 lesions, and a significant increase in the proportion of
patients {ree from Gd-enhancing T1 lesions or new or
newly enlarged T2 lesions during months 2448 com-
pated with months 0-24 (table e-2). The clinical and
MRI outcomes of the 48-month completers (table e-3)
wete similar to those of the FREEDOMS ITT popula-
tion during the FREEDOMS study.*

{ Table 2 Adverse events {extenslon safety population}

Adverse event ni%) 0.6mgln =168

Any AE 148 {895.5)

1331{91.7}

S 09(703)

10 (6.5)

20(129)
1419.0
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Cardiac diserdsr

 Abnormally elovated hopatic enzymos

AE leading to study drug discentinuation

- - Most commonly reported AEs®. S
’ 39{26.9)

Nasopharyngltis 44 (28.4)
~URY Inféet 24(55 23 {1'5'.9_}"-:;
" Lymphopenia  17p10) 19113.1)
-~ Hendache 28 isp2e
' Influenza 1207 9(6.2)
A4l s 23
ALT increase y '

958} 16 (110}

eARe
Any SAE

17 (11.7)

= Hepatobllary disorders
Cholalithiasis

Infactionsfinfastations

Appendicitis

Basal celf carclnoma®

i Uterine olomyoma
CNS disorders

MSre!apse Dl
. Epllepsy )

" Peyehiatric disorders

Deaprassion

Other AEs of speclal interest -~

14 {8.0) 14(0.7)

Herpesvirus infection
- Sinus bradycardia 108 o
Bradycardia . 1{0.6) 2 (1.4}
pradyamhythmia v ol
h;iacular adema 1 (.0.6] 0

Placsbo-fingalimod  Blacabo-fingolimod
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EET . I a0
1403}
o
1103} 1(03)

Abbreviations: AE = adverse event; ALT = alanine aminotransferase; MS = multiple sclerosis; SAE = serlous adverse event; URT = upper respiratory tract.
2 Patlents on fingolimod 1.25 mg switched to fingolimod 0.5 mg after the 1.25 mg dose was discontinued.

bAEs by preferred term reported in 10% or more of patients in any treatment group during the extension.

2| ist contains total number of SAEs and lists separately all SAEs reported in =2 patients In any organ system class in any treatment group.

4 Benign, malignant, and unspacified {including cysts and polyps).

®Including 3 SAEs reported after database lock.
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Safety during the extension study, The proportions of
patients experiencing any AE, infections/infestations,
cardiac disotders, or serious AEs were broadly similar
across all groups (table 2}. The most frequently re-
ported AEs were nasopharyngitis, upper respiratory
tract infection, lymphopenia, headache, and influenza
(table 2). Abnormal hepatic enzyme levels were most
common among patients switching to fingelimod 1.25
mg, and were more common in the switch groups than
in the continuous fingolimed groups. Among AEs of
special interest, there were 3 instances of macular
edema, none of which was classified as serions. AFs
leading to discontinuation of study drug occurred less
frequently in the long-term continuous fingolimed
groups than in the switch groups, and the most
frequent events included [ymphopenia, increased
alanine aminotransferase, basal cell carcinoma, and
dyspnea {each occurring in <<1.4% of patients in any
treatment group); there were no deaths.

Small increases in blood pressure were observed in
patients in the swiich groups, while blood pressure in
patients in the long-term continuous treatment

groups remained stable over time. Consistent with
first-dose effects seen in FREEDOMS and with other

411 5 transient decrease

previous clinical experiences,
in heart rate and a delay in atrioventricular conduc-
tion were observed in patients in the switch groups
upon fingolimod initiation. Symptomatic first-dose
bradycardia was seen in 2 patients, one with symp-
toms of severe dizziness and one with a mild feeling of
cold. A transient episode of second-degree atrioven-
tricular block on day 1 of therapy was reported in one
patient who was asymptomatic and completed the
extension study.

Five pregnancies were reported; 2 patients had
normal, full-term pregnancies and delivered healthy
babies, One patient had a therapeutic abortion when
an ultrasound revealed that the fetus had tetralogy of
Fallot. Another patient had a therapeutic abortion
after an ultrasound revealed fetal death. One patient
had an elective abortion.

DISCUSSION This extension of the pivotal FREE-
DOMS study provides robust evidence that the low
level of disease activity seen with fingolimod during
years 1 and 2 in FREEDOMS was sustained during
years 3 and 4, suggesting persistence of the treatment
effect. Overall, this study confirmed there was no rele-
vant difference between the 2 fingolimod doses regard-
ing clinical and MRI-related outcomes. Patients who
started fingolimod during the extension experienced
significant  improvements in clinical and MRI
measures, essentially replicating, in this within-group
comparison, the findings from the between-group
compatison in FREEDOMS. However, patients
who were initially randomized to fingolimod and

continued  therapy for a period  of

approximately 46 months still remined an advantage

mean

based on clinical and paraclinical measures at EoS,
compared with those who delayed starting trearment
until the extension study. This observation both
supports the evolving position in the MS community
for carly treatment and provides evidence for a
continued effect of fingolimod for up to 4 years.

Fingolimod was the first MS treatment to demon-
strate a beneficial effect on BVL in phase 3 studies
compared with placebo,® and with IM interferon-
$3-12.% The comparably low rates of BVL across all
groups during this extension study are consistent with
the assumption that the effect of fingolimod on this
structural outcome is continuous and not confined ro
the treatment initiation phase. Further analyses and
long-term observations must clarify the biological and
functional implications of this effect.

The lack of a placebo-control group in our study
limits conclusions regarding efficacy. Participants
knew that the placebo arm had terminated, but
their treatment assignment during FREEDOMS re-
mained blinded, as did their dose, until all partici-
pants received fingolimod 0.5 mg. Personnel at
the MRI evaluation center remain blinded to treat-
ment assignment, with no access to individuals’
clinical data. Bias could result from differential
drop-out of patients experiencing a lack of efficacy
or AEs during FREEDOMS, but notably, baseline
characteristics among patients completing 48
months were comparable to those in the
FREEDOMS ITT population. Similarly, bias could
arise because approximately 11% of eligible patients
chose not to enroll in the trial extension. Their
reasons were not recorded, but an exploratory anal-
ysis comparing enrollers and nonenrollers is
described in the supplemental data. Finally, the
study was terminated before all patients reached
month 48 on stiedy medication. Therefore, periods
for within-group comparisons varied, but this vari-
ation was similar across treatment groups.

No new safety findings wete observed in this
extension compared with the 2-year controlled trial.
As expected, AFs associated with treatment initiation
were increased in the switch group; however, the inci-
dence of AEs, serious AEs, and AEs related to fingo-
limod’s mode of action were similar across groups.
The overall frequency of AEs was also similar across
treatment groups in FREEDOMS, but AFEs associ-
ated with discontinuation of treatment (primarily
liver enzyme elevations) were more common in the
fingolimod 1.25 mg group than in other groups.*'?
This was not particularly evident in the extension;
increased alanine aminotransferase was among the
AEs that led to discontinuation, but this was recorded
in alt groups.
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The lower percentage of patients who discontinued
fingolimod owing to AEs in the continuous groups vs
the switch groups may partly reflect selective drop-out
of patients who experienced these AEs with fingolimod
during FREEDOMS (cardiac ABs, macular edema,
hepatic enzyme elevation),* buc this also suggests good
tolerability of long-term treatment, with no late-
occurring, unexpectéd safety findings. This is supported
by 2 recent safety analysis of several clinical studies of
fingolimed in RRMS that included patients with over 7
years of exposure to the drug,*? Cardiac effects associ-
ated with initiation of fingelimod were transient and
have been reviewed extensively elsewhere.”* Blood pres-
sute increased stighdy in patients initiating fingolimod
during the extension, but remained stable in the
continuous-treatment groups, suggesting thar this effect
occurs early with fingolimod and then plateaus after the
first fow months of treatment.!*?

In this extension study, we found continuously
low disease activity among patients initially random-
ized to fingelimod, and significant improvements in
clinical and MRI outcomes after patients switched
to fingolimod from placebo. The fact that patients
starting early on fingolimod retained the advantage
gained in their first 2 years of treatment compared
with those initfally randomized to placebo accentu-
ates the imporrance of early trearment and implies a
continuous benefit of fingolimod on both clinical
measures and BVL. In conjunction with the absence
of new safety or tolerability issues, these findings sup-
port the value of fingolimad in the long-term treat-
ment of RRMS.
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Abstract

;':'Fmgollmod Background: Fingolimod 0.5 mg once daily is the first approved oral therapy for relapsing
- Mditiple s multipte sclerosis (MS). ’

“oSafety; e Objective: To report integrated long-term safety data from phase 2/3 fingolimod studies.

- Adverse events; T : Methods: Descriptive safety data are reported from the FTY720 Research Evaluating Effects of
5;_3232?}'{2‘:’@2”‘?" S Daily Oral Therapy in Multiple Sclerosis (FREEDOMS) study, a 24-month, randomized, double-

blind study comparing fingolimod 0.5 mg and 1.25 mg with placebo, and an All Studies group

_—:Pooled anaiysusr - {patients who received fingolimod 0.5 mg {n=1640) or 1.250.5mg (n=1776) in phase 2/3
S studies and associated extensions). Relevant post-marketing experience, up to December 2011,
is included.

Results: The incidence of adverse events (AEs) and serious AEs (SAES) was similar with
fingolimod and placebo in FREEDOMS. In the All Studies group, fingolimod 0.5 mg was associated
with transient, rarely symptomatic {0.5%), bradycardia and second-degree atrioventricular
block on treatment Initiation, minor blood pressure increases, frequent (9%) but generally
asymptomatic liver enzyme elevations, and macular cedema (0.4%). The incidences of infections
(including serious and herpes infections}, malignancies, SAEs and treatment discontinuations due to
AEs were similar with fingolimod 0.5 mg and placebo,

Abbreviations: AY, atrioventricular; FREEDOMS, FTY720 Research Evaluating Effects of Daily Oral Therapy in Multiple Sclerosis; HPS,
haemophagocytic syndrome; LRTI, lower respiratory tract infection; MS, multiple sclerosis; PML, progressive multifocal leukoencephalo-
pathy; PRES, posterior reversible encephalopathy syndrome; S1PR, sphingosine i-phosphate receptor; TRANSFORMS, Trial Assessing
Injectable Interferon Versus FTY720 Oral in Relapsing-Remitting Multiple Sclerosis; ULN, upper limit of normal
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Conclusion: The safety profite of fingolimod has been well characterized in this large combined
trial poputation. Although infrequent SAEs can occur, there is no increased risk of infections,
malignancies or serious cardiovascular events versus placebo.

© 2014 Published by Elsevier B.V.

1. Introduction

Fingolimod (FTY720; Gilenya®, Novartis Pharma AG, Basel,
Switzerland) is the first of a new class of therapeutic com-
pounds - the sphingosine 1-phosphate receptor (S1PR) mod-
ulators (Brinkmann et al., 2010; Chun and Hartung, 2010). It is
approved as a once-daily oral therapy at 0.5mg for the
treatment of relapsing forms of multiple sclerosis (MS) in
many countries (European Medicines Agency, 2011; US Food
and Drug Administration, 2010}. S1PRs are expressed in many
tissues, including cells of the immune, cardiovascular and
central nervous systems (Brinkmann, 2007). In the immune
system, modulation of $1PRs by fingolimod results in the
retention of circulating lymphocytes in the lymph nodes, with
a reversible reduction of peripheral blood lymphocyte counts
to approximately 30% of pre-treatment values, which is
postulated to reduce recirculation of autoreactive lympho-
cytes and to prevent infiltration into the central nervous
system (Brinkmann et al., 2010; Chun and Hartung, 2010).
Fingolimod treatment specifically retains naive T cells and
central memory T cells in the lymph nodes, while largely
sparing effector memery T cells (Mehling et al., 2008; Pham
et al., 2008), which are important in immune surveillance
(Lanzavecchia and Sallusto, 2000).

Fingolimod has demonstrated superior efficacy to placebo
as well as to the approved first-line therapy, intramuscular
(W) interferon beta-ta {Avonex®, Biogen Idec, Weston, MA,
USA) in a phase 2 study and three phase 3 studies: FTY720
Research Evaluating Effects of Daily Oral Therapy in Multi-
ple Sclerosis (FREEDOMS), FREEDOMS Il and Trial Assessing
Injectable Interferon Versus FTY720 Oral in Relapsing-
Remitting Multiple Sclerosis (TRANSFORMS) in relapsing MS
{Calabresi et al., in press; Cohen et al., 2010; Comi et al.,
2010; Kappos et al., 2006, 2010; Khatri et al,, 2011).

Here, we report safety data from an integrated analysis
of FREEDOMS, FREEDOMS il, TRANSFORMS, the single MS
phase 2 study and their extensions. In addition, we report
deaths from the clinicat development programme and post-
marketing setting from May 2003 to December 2011, as well
as other post-marketing safety cases of particular interest.

2. Materials and methods
2.1, Analysis groups

Results are reported from the following two analysis groups:
the FREEDOMS group, which included all patients enroltled in
the 2-year core phase of FREEDOMS (Kappos et al., 2010}
{ClinicalTrials.gov identifier NCT00289978), and the All
Studies group, which was an integrated analysis of safety
data from all patients who received once-daily fingolimod
in the é-month, placebo-controlled, phase 2 core study

(1.25 mg or 5.0 mg; ClinicatTrials.goy identifier NCT0G333138),
the Z-year phase 3 core studies (FREEDOMS, FREEDOMS lI
[0.5 mg or 1.25 mg; ClinicalTrials.gov identifier NCT00355134])
and the 1-year phase 3 core study TRANSFORMS (0.5 mg or
1.25 mg; ClinicalTrials.gov identifier NCT00340834), and their
completed long-term extensions.

Following approval of fingalimod 0.5 mg, all patients receiv-
ing fingolimod 1.25mg in study extensions were switched
to fingolimod 0.5 mg (this group was referred to in the All
Studies anatysis as fingolimod 1.25-0.5 mg). Patients remained
in study extensions until 31 March 2011 (database lock) or until
the cut-off for the ongoing FREEDOMS Il extension {Figure 1).
Patients were then transferred to the ongoing, long-term
observational safety study 2399 (ClinicalTrials.gov identifier
NCTC1281657),

Study methodologies for FREEDOMS, FREEDOMS 11, TRANS-
FORMS and the phase 2 study have been previously reported
in accordance with CONSQORT guidelines (Cohen et al., 2010;
Kappos et al., 2006, 2010; Khatri et al., 2011). The study
design and entry criteria for FREEDOMS H closely match
those of FREEDOMS. The FREEDOMS group provides a 24-
month, placebo-controlled comparison with fingolimod, and
the All Studies group provides fingolimod safety data from a
larger population with longer foltow-up. Data describing
cardiovascular effects following treatment initiation come
only from the phase 3 studies because data an these effects
were not collected in a compatible manner during the phase
2 core study. All deaths are reported for patients exposed to
fingolimod during May 2003-December 2011, including clin-
ical trials and post-marketing data.

2.1.1, Outcome measures and analyses

Results are reported for the safety population, comprising
all patients who received at teast one dose of study drug, Safety
analyses were summarized by means of descriptive statistics;
numerical {not statistical} differences are described. The
proportions of patients experiencing adverse events (AES}
and serious AEs (SAEs} are reported for the FREEDOMS group
and the All Studies group (with a focus on the fingolimod
1.25-0.5 mg and 0.5 mg groups}). Also reported in more detail
are the following AEs of special interest: treatment initiation
effects (pooled data from phase 3 studies only), infections,
hypertension and notable increases in blood pressure, macular
oedema, malignancies, liver enzyme effects and lymphopenia
(FREEDOMS group; All Studies group). Patients were required
to interrupt dosing if lymphocyte counts fell below a threshold
(<0.1 x 10°/L initially, later increased to <0.2 x 10°/L at the
request of the regulatory agency, but not due to any safety
signal). Dosing could resume once lymphocyte counts reached
0.6 x 10°/L. Due to a potential risk for teratogenesis, as seen
in animals, fingolimed is not recommended for use in women
who are, or want to become, pregnant. Full details of preg-
nancy outcomes and pregnancy risks are reported elsewhere
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Figure 1 Analysis groups. (a) Patients who were initially randomized to fingolimod 5.0 mg during the phase 2 core study or
extension were switched to fingolimed 1.25 mg during months 15-24 of the extension phase, then to fingolimod 0.5 mg between
months 24 and 60. {b) All patients received fingolimod 0.5 mg in study extensions following approval of this dose. The All Studies
analysis group includes all patients who switched from placebo or interferon beta-1a IM to fingolimod in the extension phases; the
pooled treatment groups were fingolimod 0.5 mg {n=1640), fingolimod 1.25-0.5 mg (n=1776), fingolimod 5,0-1.25-0.5 mg {n=137,
which included all patients who received fingolimod 5.0 mg only or fingolimed 5.0 mg then fingolimod 1.25 mg, before receiving fingolimod
0.5 mg). The FREEDOMS analysis group included patients receiving fingolimod 0.5 mg (n=425), fingolimod 1.25 mg {n=429) or placebo
{n=418). FREEDOMS, FTY720 Research Evaluating Effects of Daily Oral Therapy in Multiple Sclerosis; IM, intramuscular; TRANSFORMS, Trial
Assessing Injectable Interferon Versus FTY720 Cral in Relapsing-Remitting Multiple Sclerosis.

(Karlsson et al., 2014), but otherwise are not further addressed
in this article,

Additional methodological information for the studies in
this analysis, including details of study eversight, inclusion
and exclusion criteria, and blinding and randomization are
provided in the Supplementary data.

3. Results

3.1. Study population

Baseline characteristics of patients in the phase 3 studies
and the phase 2 study were similar among treatment groups
{Calabresi et al., in press; Cohen et al., 2010; Kappos et al,,
2006, 2010). The All Studies group comprised 3553 patients
with MS, with 9070 patient-years of exposure to fingotimod,
and included some patients with more than 7 years of

exposure in the phase 2 extension study {as of 31 March
2011} (Table 1),

3.2, Incidence of adverse events and serious
adverse events

In the FREEDOMS group, the overall relative risk of AEs
(Figure 2} and the proportions of patients who experienced
AFs and SAEs were similar with both doses of fingolimod and
placebo; the occurrence remained similar in the larger
patient population exposed to fingolimod 0.5 mg in the All
Studies group {Table 2). Fingolimod 1.25-0.5 mg was asso-
ciated with a higher proportion of SAEs than fingolimod
0.5 mg in the All Studies group. The relative risk of liver
enzyme elevations, migraine, lymphopenia, bronchitis, back
pain and diarrhoea was slightly higher with fingolimod
0.5 mg than with placebo (Figure 2). A similar proportion
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Overail exposure to ﬁngotimcd after randomlzatlon in the Atl Studles group

- Fingolimod
._5 0/1 25/0 5 mg
Hn= 137)

a.b .

_':_'Fmgohmod i
'-'-1.__25!0 5 mg

_ Flngohmod ey
05 mg
U’?’Q“?J :

) ’Pattents_by exposure antervals, n (%)
b months : :
s> year f

: -'118'{861}

108 {78. 8)
SIi9670.1)
-85 (62.0)
65 (47.4)

1538 (86.6)
1400 (78.8)

1484 (90,5}
11360 (82.9)
1083 (66.0)-

1510 {42.5)
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“fingolimod in 'dp'en-iabel extensions. -

:';jof the relative benefit:to-risk profile.of both doses, ~ -

- Bpatients initially randomized to 1.25 ma during the phase 3 core stud:es or extensrons Wer ' swnched_to ﬁngoilmod 0 5 mg foElo ng

,': 'assessment of the reEatwe benefit-to-risk profite of both doses..

of AEs leading to study drug discontinuation occurred with
placebo and fingolimod 0.5 mg, but at a higher frequency in
patients receiving fingolimod 1.25 mg/1.25-0.5 mg (FREEDOMS
group and All Studies group; Table 2}, The most commen
reason for discontinuation due to AEs in FREEDOMS was for AEs
related to laboratory tests (fingotimod 0.5 mg, 3.8%; placebo,
1.7%}, primarily liver enzyme elevations.

3.2.1. Mortality

No deaths occurred among patients receiving fingolimod
0.5 mg in the FREEDOMS study. For total deaths, data are
presented beyond the cut-off point for the All Studies group
to be more inclusive, Nineteen deaths had occurred, as of
31 October 2011, in the total MS clinical development
programme, which included ongoing, blinded studies in
addition to those in the All Studies group. Of these 19
deaths, four occurred in patients receiving placebo (out of
866 patients with 1305 patient-years of exposure} and two
occurred before randomization. Of the remaining 13 deaths
(out of 3553 patients exposed to fingolimod with 9070
patient-years of exposure), the maximal dose taken was
5 mg for one patient, 1.25 mg for nine patients, and 0.5 mg
for three patients {Supplementary Table 1). Five patients
had ceased medication 3-36 months before death (one case
each of breast cancer, ovarian adenocarcinoma, lymphoma,
aspiration pneumonia and MS progression with aspiration
pneumnonia). Of the remaining eight cases that occurred

'Fmgohmod exposure in the phase’ 2 study, and FREEDOMS, 'FREEDCMS I, 'TRANSFORMS studles and th ;
..":.'cut off of 31 March 2011 Duratmn of exposure was, deﬁned as the: number of days on ﬁngollmod startlng from the day of initiauon of =

i cPaiaent yeafs of exposure was calculated as the sum of the nufnber of days on study drug for aIl patlents dwided by 365 25

Patients initially randomized 0 ﬂngc[imod 5 0 mg durfng the phase 2 core study or extension Yrere switched to ﬁngohmod 1.25 mg E
“during months 15- 24 of the extension phase, and between months 24 and 40 were sw:tched to fingotimod 0. 5 mg fol[owmg assessment_ : -

while still on therapy, or having recently discontinued
fingolimod treatment, there were three cases of suicide,
and one each of myocardial infarction, road traffic accident,
herpes simplex encephalitis, primary disseminated herpes
zoster and rapidly deteriorating primary progressive MS; see
Supplementary Table 1 for details. In the post-marketing
setting, 18 deaths have been reported as of December 2011
from approximately 25,000 patients treated with fingo-
limod (~15,000 patient-years of exposure) (Supplementary
Table 2). Of these deaths, causes included progressive MS
(n=9), suicide (n=3), myocardial infarction/cardiac atrest
(n=3), sudden unexplained death (n=2; including one
patient within 24 h of receiving first dose of fingolimod),
drowning {n=2}, and one case each of convulsion, culture-
negative fungal encephalitis and multi-organ failure; see
Supplementary Table 2 for details.

3.3. Cardiovascular effects

The effect of fingolimod on heart rate and atrieventricular
{AV) conduction during treatment initiation will be discussed
in full detail in a separate manuscript {DiMarco et al., 2012,
in preparation}. Initiatlon of fingolimod treatment was
assoclated with transient dose-dependent reductions in
heart rate that returned to baseline levels by 1 month after
treatment initiation. In the 6 h following treatment initia-
tion, symptomatic bradycardia events were observed in
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Figure 2 The relative risk of adverse events with fingolimod 0.5 mg compared with placebo in the FREEDOMS group. The relative
risk of each AE was calculated by dividing the incidence of the AE in patients receiving fingolimod 0.5 mg by the incidence of the AE
in patients receiving placebo, AE, adverse event; Cl, confidence interval; FREEDOMS, FTY720 Research Evaluating Effects of Daily

Oral Therapy in Multiple Sclerosis.

9/1640 (0.5%) and 29/1642 (1.8%) patients who received
first-dose fingolimod 0.5 mg and 1.25mg, respectively, AV
conduction abnormalities associated with fingolimod first
dosing .were uncomimon, typically transient, asymptomatic,
usually did not require treatment and resolved within the first
24 h on treatment. Second-degree AV blocks, usually Mobitz
type | (Wenckebach} were observed in 2/1640 patients (0.1%)
receiving fingolimod 0.5 mg in clinical trials.

Cardiac disorder AEs were reported in similar proportions
of patients receiving fingolimod 0.5 mg (5.9%; 25/425) or

placebo (5.5%; 23/418) over 24 months in the FREEDOMS -

group, and at a higher rate in patients receiving fingolimod
1.25mg (8.9%; 38/429). No serious cardiovascular events
were observed with fingolimod 0.5 mg in the clinical devel-
opment programme; three myocardial infarctions occurred
in patients receiving placebo {n=2) or interfercon beta-1a M
(n=1)}, and four in the fingolimod 1.25 mg group.

In the All Studies group, patients treated with fingolimod
experienced small mean increases of 3 mmHg in systolic blood
pressure and 1 mmHg in diastolic blood pressure, which were
evident by month 2, increased to month 6 and were largely
stable thereafter, Notably high or notable increases in systolic

or diastolic blood pressure and hypertension AES were more
frequently reported for fingolimod 1.25-0.5mg than for
fingolimod 0.5 mg (Table 3).

3.3.1. Vascular events

Rare cases of vascular events have occurred in patients
treated with fingolimod 1.25 mg or 5.0 mg in the All Studies
group, including ischaemic and haemorrhagic strokes (n=3},
peripheral arterial occlusive disease {(n=2) and posterior
reversible encephalopathy syndreme (PRES; n=1). Three
cases of PRES have occurred with fingolimod 0.5 mg, two of
which were reported in the post-marketing setting as of
December 2011; representing a total of three cases in more
than 36,000 patients who have ever received fingolimod.

3.4. Liver enzyme effects

Dose-dependent increases in alanine aminotransferase (ALT)
levels were observed for fingolimod in the FREEDOMS group
and the All Studies group {Table 3). Liver transaminase
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:5 ' Table 2. Adverse event expenence in the FREEDOMS and A!l Studies groups
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e Table 3 Specaal lnterest adverse events and laboratory abnormalitles
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elevations were asymptomatic in most patients and most
frequently occurred within the first 6-9 months of treatment.
There were no cases of severe drug-induced hepatotoxicity
during clinical trials or in the post-marketing setting.

3.5. Macular oedema

No cases of macular cedema occurred in patients receiv-
ing fingolimod 0.5 mg in the FREEDOMS group. Confirmed
macular cedema was reported in 0.4% (7/1640) and 1.1%
(19/1776) of patients treated with fingolimod 0.5 mg and
1.25-0.5 mg, respectively, in the All Studies group (Table 3).
The majority (65%) were diagnosed in the first 6 months of
receiving fingolimod, with approximately one-third requir-
ing treatment and virtually universal recovery after treat-
ment cessation (Calabresi et al., in press; Cohen et al.,
2010; Kappos et al., 2006, 2010; Zarbin et al., 2011).

3.6. Infections

In FREEDOMS, the overall incidence of infections was similar
in patients receiving fingolimod 0.5 mg, 1.25 mg or placebo
{Table 3). Serfous infections occurred in similar proportions
of patients receiving fingolimod 0.5 mg or placebo, and at a
higher rate with fingotimod 1.25 mg. The incidence of lower
respiratory tract infections {mainly bronchitis) was slightly
increased with fingolimod compared with placebo and
appeared to be dose-dependent (Table 3}. For herpes viral
infections, the incidence was similar among patients trea-
ted with fingolimod 0.5 mg or placebo, but higher in the
All Studies group, who were given longer follow-up. The
incidence of herpes viral infections reported as SAEs was
low in all treatment groups in FREEDOMS (Table 3). A fatal
primary varicella zoster infection and fatat herpes simplex
encephalitis occurred in two patients who had been treated
with fingolimod 1.25 mg in the All Studies group, and have
been previously reported {Cohen et al., 20410).

3.7. Lymphopenia

In the All Studies group, after 1 month of treatment the
mean lymphocyte count was reduced by 73% from baseline
values to 0.49 x 10°/L {n=1505) in the fingolimed 0.5 mg
group and by 77% to0 0.41 x 10°/L {n=1575} in the fingolimod
1.25-0.5 mg group. Values then remained stable during
chronic treatment. The incidence of tymphopenia as an
AE was higher in the fingolimod 1.25-0.5 mg group than in
the 0.5 mg group {Table 2}. In FREEDOMS 18% of patients
{78/425) on 0.5 mg experienced a mean lymphocyte count
of <0.2 x 10%/L on any single occasion and 0.7% (3/425) had
a count of <0.1 % 10°/L on any single occasion. Re-testing
was conducted at local laboratories, so the number of
patients with confirmed counts below these values (and
thus requiring dose interruption) was not reported. Analysis
of infections by nadir lymphocyte count did not show an
increase in fingalimod-treated patients compared with
placebo (reviewed in detail previously) (Francis et al.,
2014).

3.8, Malignancies

The overall incidence of malighancies was not increased in

fingolimod-treated patients (0.9% in both dose groups)
compared with patients who received placebo (2.4%) in

- the FREEDOMS group, and results were similar for the All

Studies group (Table 3}. A trend towards an increased
incidence of basal cell carcinoma has been noticed in the
All Studies group. Three lymphoma cases (cutaneous T-cell
lymphoma, large B-cell non-Hodgkin lymphoma and Epstein-
Barr virus-positive B-cell lymphoma) bave been reported in
fingolimod-treated patients in the clinical development
programme (up to December 2011} in studies that were
not included in the All Studies group because they were still
ongoing without a cleaned or locked database.

4, Discussion

The safety profile of fingolimod has been well characterized
in the MS clinical development programme, with the All
Studies group consisting of 3553 fingolimod-treated patients
with MS and more than 9070 patient-years of exposure (as of
31 March 2011). The overall incidence of AEs and SAEs was
similar in patients who received the approved dose of
fingolimod (0.5 mg) in the All Studies and FREEDOMS groups,
and those who received placebo in the FREEDOMS group.
Fingolimod was, however, associated with dose-dependent
increases in the incidence of certain specific AEs, including
transient, mostly asymptomatic reductions in heart rate,
blood pressure increases, macular oedema and liver enzyme
elevations. However, the similar rate of study drug discon-
tinuation due to AEs among patients receiving fingolimod
0.5mg (AUl Studies and FREEDOMS groups} and placebo
(FREEDOMS group) indicates that, with the approved
dose, these AEs have a limited impact on tolerability and
adherence.

As of December 2011, 31 deaths have been reported in
more than 30,000 patients exposed to fingolimod since May
2003; 13 occurring in clinical trials (some at doses higher
than the approved 0.5mg dose) and 18 in the post-
marketing setting. No specific pattern of fatalities has been
observed. The incidence of all-cause and cardiovascular
deaths in patients with MS treated with fingolimod are
consistent with an age- and sex-matched general poptilation
{Arias, 2011).

One reported death occurred within the first 24 h after
taking the first dose of fingolimed, for which the cause
of death remains uncertain, despite a complete autopsy
examination, This case and 10 other cases (of the total of 31
deaths) of otherwise unexpected or unexplained death
occurred at various times after initiating therapy with
fingolimod. Several of the post-marketing cases lack suffi-
cient information to determine cause of death or relation-
ship to fingolimod therapy. Following review of these cases
and the overall cardiac safety data for fingolimod by the US
Food and Drug Administration and European Medicines
Agency, a relationship between these events and fingolimod
has not been established {European Medicines Agency, 2012;
US Food and Brug Administration, 2011, 2012a, 2012b). The
number of deaths of apparent cardiovascular or unknown
origin is similar to that seen in patients with MS not treated
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with fingolimod (US Food and Drug Administration, 2012b).
Mevertheless, as a precautionary measure, revised guide-
lines relating to the use of fingolimod in patients with
cardiac risk factors, including more rigorous first-dose
monitoring, have been included in the prescribing informa-
tion worldwide.

The initiation of fingolimod was associated with a tran-
sient, dose-dependent reduction in heart rate, including
infrequent conduction delay, which was usually asympto-
matic. These effects are not unexpected because they are
likely to be mediated by modulation of S1PRs in atrial
myocytes, and in sinus and AY nodat cells (Koyrakh et al.,
2005), However, tolerance rapidly develops to these effects
due to internalization of the receptors. Owing to the
potential risk of rhythm disturbances, fingolimod should
not be used in patients with second-degree Mobitz type Il or
higher AY blocks, sick-sinus syndrome or sino-atrial heart
block, or in patients with QT prolongation or who are
receiving drugs that have a known association with the
development of torsades de pointes (European Medicines
Agency, 2012; US Food and Drug Administration, 2012a).

Additionally, while there is no clear relationship between
fingolimod and sudden death, patients with cardiac risk
factors (known ischaemic heart disease, congestive heart
failure, history of cardiac arrest, cerebrovascular disease,
uncontrolled hypertension or severe untreated sleep
apnoea) should not be commenced on fingolimod because
significant bradycardia may be poorly tolerated in these
patients (Eurcpean Medicines Agency, 2012; US Food and
Drug Administration, 2012a).

The mechanism for the increase in blood pressure is not
completely clear, but is potentially the result of unopposed
natural sphingosine 1-phosphate ligand stimulation of S1PR
type 2/3 {51Py;3) endothetial receptors, owing to the strong
functional antagonism of $1P; by fingolimod (Brinkmann
et al., 2010},

The mechanism for the increased incidence of elevations
in liver transaminases with fingolimod 0.5 mg compared
with placebo also remains unclear. Liver enzyme elevations
generally returned to normat or almost normal within a few
months of stopping therapy.

Confirmed macular cedema occurs in less than 0.5% of
patients receiving fingolimod 0.5 mg. Patients with a history
of uveitis have an increased risk of macular oederna (Zarbin
et al., 2011, 2013). The mechanism for the development of
macular oedema in patients receiving fingolimod may also
be related to the role of the S1PR in the regulation of
endothelial barriers (Brinkmann, 2007; Marsolais and Rosen,
2009).

The observed reductions in peripheral blood lymphocyte
counts are an expected pharmacodynamic outcome of
fingolimed therapy, which causes reversible retention of
lymphocytes in the lymph nodes, and these actions are
thought to be integral to the therapeutic effect of fingoli-
mod in MS. This integrated analysis of safety indicates that
fingolimod 0.5 mg does not increase the overall risk of
infections, including those considered severe or serious,
compared with placebo. However, during the clinical trials,
a persistent reduction in mean lymphocyte counts below
0.2 x 10°/L required dose interruption until counts recov-
ered.The lack of effect on overall infection risk may be
related to the selective effect of fingotimod on lymphocyte

subsets. Fingolimod treatment specifically retains naive T
cells and central memory T cells in the lymph nodes, while
largely sparing effector memory T cells {Mehling et al.,
2008, Pham et al., 2008), which have important roles in
immune surveillance and memory immune responses
{Lanzavecchia and Sallusto, 2000). Although fingolimod leads
to the retention of lymphocytes in the lymph nodes, the
tymphocytes remain functional and retain their ability to
proliferate and differentiate (Brinkmann, 2009; Chun and
Hartung, 2010), as might happen in response to viral or
bacterial infection. However, some questions remain regard-
ing herpes infections. Different incidences were observed
across the phase 2 and 3 studies (Calabresi et al., in press;
Cohen et al., 2010; Kappos et al., 2006, 2010), but in this
integrated analysis, zoster infections were stightly increased
with fingolimod 0.5 mg (3.0%) compared with placebo (1.0%).
Additionally, isolated cases of severe zoster infections have
been reported, including a fatal case of disseminated primary
infection {fingolimod 1.25 mg), a case of polycranial neuritis
(Gross et al., 2012), a case of varicella-related encephalitis
with vasculopathy (Ratchford et al., 2012) and a recent fatal
case of disseminated varicella (data on file). The latter three
cases occurred in patients with presumed previous exposure
to varicella and who had received fingolimod 0.5 mg (Gross
et al., 2012; Ratchford et al., 2012). Antibody status to
varicelta zoster virus should be checked before starting
fingolimod. Vigilance for zoster occurrence and then early
treatment is warranted in patients receiving fingolimod.
Beyond the data cut-off dates used in this manuscript,
unexpected serious events of note have been reported.
Three cases of progressive multifocal leukoencephalopathy
(PML) and/or immune reconstitution inflammatory syn-
drome have been reported but all were related to recent
prolonged exposure to natalizumab (Novartis AG, data on
file), A case of PML that began 7 months after fingolimod
therapy initiation in a patient without prior exposure to
natalizumab has been recently reported (Novartis AG, data
on file). Two fatal cases of haemophagocytic syndrome (HPS)
have been reported to Novartis {Novartis AG, data on file).
This rare disorder is characterized by impaired or absent
activity of natural killer cells and cytotoxic T cells, leading
to cytokine dysregulation with the proliferation and activa-
tion of histiocytes (Janka, 2007; Maakaroun et al., 2010).
The clinical presentation is one of multi-organ dysfunction
and haemophagocytosis within the reticuloendothelial
system that is characterized by pancytopenia and organo-
megaly {Ishii et al., 2007; Maakaroun et al., 2010). Although
not fully understood, HPS appears to be the result of an
uncontrolied immune response triggered by different immune
stimuli, particularly Epstein-Barr virus {de Kerguenec et al.,
2001; Ishii et al., 2007; Janka, 2007, 2012; Maakaroun et al.,
2010). The rale of fingalimod in these cases remains uncertain,
As with any immunodulatory agent, the effect of fingo-
limod on the immune system might confer an increased risk
of malignancy; however, the results of FREEDOMS and the
larger All Studies analysis indicate that the overall incidence
is not increased in patients receiving fingolimod compared
with those receiving placebo. A slight imbalance regarding
basal cell carcinoma continues to be evaluated in the post-
marketing setting. The occurrence of three cases of lym-
phoma in the overall clinical development programme is in
line with epidemiological data reporting the background
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incidence of lymphoma (19.1 cases per 100,000 person-
years) (Alexander et al., 2007). However, because of the
low incidence of malignancies and the limited scope and
duration of exposure, firm conciusions on an increased risk
of malignancies with fingolimod cannot yet be drawn.

The major strengths of the present analysis include direct
comparison with placebo in the FREEDOMS group, and the
large number of patients receiving fingolimod at the
licensed dose (0.5 mg, n=1640} or above in the All Studies
group. The safety data from FREEDOMS 1l yield similar
results to those of FREEDOMS, with the exception of a
slightly higher rate of basal cell carcinoma and herpes
zoster in the treated groups {Calabresi et al., in press)
The exposure to fingolimod in the All Studies group was over
9070 patient-years, and 140 patients had received the drug
for at least 5 years without the emergence of new AEs of
interest, Given the exposure to fingolimod, the incidence of
any event not observed to date will be less than 1 in 3300
patient-years (Fypasch et al., 1995; Hanley and Lippman-
Hand, 1983}, An important caveat of the All Studies analysis
is the absence of a control group, necessitating indirect
comparisons with 2-year data from the placebo arm of the
FREEDOMS study.

5. Conclusions

This large-scale analysis provides further information
regarding the safety profile of fingolimod. The approved
dose is generally well tolerated in patients with relapsing

MS, although infrequent SAEs can occur. Additional long-

term observation of the safety profile, in particular mon-
jtoring of infections, malignancies and cardiovascular com-
plications in the post-marketing setting, will be obtained via
post-approval, long-term follow-up and safety studies, and
pharmacovigilance. This will help to consolidate the safety
profile of this therapy further.
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